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Thermal poling was carried out at 280 °C and 1 kV in
an air atmosphere inside an oven using pressed-contact steel
electrodes s639m m d. Because soda-lime glasses possess
high ionic conductivity, special procedures have to be em-
ployed for poling.
6 The procedure we used to pole our
samples consisted of applying the voltage in small amplitude
steps in such a way that, during each step, the current never
exceeded a few hundreds of microamperes. The idea behind
this procedure is to let a high-resistivity layer progressively
form under the anodic surface as a result of ion migration.
This procedure was tested on a 1 mm thick ion-exchanged
soda-lime sample (No. 10). The ion-exchanged sample ex-
hibited typical behavior of soda-lime glass during poling: At
each step, the current decreased with time (peak current re-
mained below ,200 mA) and the decay of the current be-
came slower from step to step, indicating that the resistivity
of the ion-depleted region increased progressively (Fig.
1—top chart). A similar procedure was then used to pole
samples doped with silver nanoparticles. For all samples (ex-
cept No. 3), the electrode polarity was chosen in such a way
that the silver-doped layer faced the anode. Samples doped
with silver nanoparticles exhibited substantially different
poling current dynamics in comparison with the ion-
exchanged sample (Fig. 1). In these samples, the near-
surface layer is depleted in sodium ions and contains isolated
clusters of metallic silver. Therefore, the ionic conductivity
in that layer is expected to be very low, a feature that is
consistent with the much smaller current which was ob-
served during the ﬁrst two or three steps of the poling. Af-
terward, the conductivity increased dramatically (the evolu-
tion of the current with time became similar to that in the
ion-exchanged sample). This sudden change of behavior is
believed to be related with the onset of the dissolution of
silver nanoparticles, as will be discussed hereafter.
Examination of the samples after poling has revealed
amazing effects. After poling of a sample doped with ellip-
soidal particles (No. 1), the glass region under the positive
electrode had become completely transparent with sharp
edges corresponding perfectly to the electrode size (Fig. 2).
Since the original color of the glass (here dark green) was
due to the presence of silver particles, the bleaching of the
glass in the poled region is obviously due to the dissolution
of these particles. From a macroscopic point of view, we call
this effect “poling-assisted bleaching” (PAB). The sample
was cut in the middle of the poled region for further inves-
tigations. Scanning electron microscope (SEM) images of
the cross section of one-half of the sample showed that there
was no more silver nonoparticles (SEM results will be pub-
lished elsewhere). Thermal annealing treatment of the other
one-half of the sample led to reaggregation of silver nano-
particles, as was indicated by the partial recovery of the
original glass color in the poled region. The latter result gave
us evidence that silver was still present in the glass after
poling but in the form of ions rather than metal. We believe
that the macroscopic PAB effect is the manifestation of a
microscopic physical phenomenon which involves succes-
sively the ionization of metal nanoclusters, the removal of
ions from the clusters and the drift of the ions in the depth,
all of these three processes being driven by the extremely
high electric ﬁeld which is created underneath the anodic
surface during poling. Another sample doped with ellipsoidal
particles (No. 3) was poled with the silver-doped layer facing
FIG. 1. Evolution of the current ﬂowing through the
sample as a function of time during thermal poling at
280 °C. Top chart: Ion-exchanged sample No. 10;
middle chart: Samples containing ellipsoidal Ag nano-
particles (No. 1: Thick line, No. 3: Thin line); bottom
chart: samples containing spherical Ag nanoparticles
(No. 4: Thin line, No. 4bis: Thick line, No. 9: Dotted
line). The voltage was applied step by step up to a ﬁnal
value of 1.0 kV (top chart No. 1: First step of 0.2 kV
during 2 min, then steps of 0.1 kV, 5 min each; middle
and bottom charts: steps of 0.2 kV, 10 min each). Ver-
tical dashed lines indicate the beginning of cooling of
the sample with the voltage still applied.
FIG. 2. (Color) Photograph image of samples No. 1 after poling. The glass
became transparent under the anode after poling (i.e., PAB occurred). The
sharp edges of the bleached region correspond perfectly to the electrode size
s639m m d.
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